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METHODS FOR TREATING Thl -ASSOCIATED IMMUNE DISORDERS 
Background of the Invention 

The invention encompasses the field of IgE- 
mediated diseases and autoimmune diseases. 

T helper cells which are CD4* are subdivided into 
subsets, based on profiles of cytokine production. T 
helper type 1 (Thl) cells produce interleukin-2 (IL-2) , 
interferon- Y (IFN-7) , tumor necrosis factor-jS (TNF-)3) , 
tumor necrosis factor-of (TNF-a) , granulocyte -macrophage 
colony stimulating factor (GM-CSF) , and interleukin-3 
(IL-3) , while T helper type 2 (Th2) cells produce 
interleukin-4 (IL-4) , interleukin-5 (IL-5) , interleukin-9 
(IL-9), interleukin-10 (IL-IO) , TNF-a, GM-CSF, and IL-3. 
A number of diseases have been associated with an 
imbalance between these two T helper cell subsets. 

Summary of the Invention 

The invention provides a method of inhibiting an 
undesired Thl -associated immune response in a mammal, 
e.g., a Th-1 mediated autoimmune disease, by 
administering a substantially pure double- stranded 
ribonucleic acid (dsRNA) to the mammal. For example, the 
method involves identifying a mammal suffering from or at 
risk of developing an undesired Thl -mediated immune 
response and then administering a dsRNA composition to 
the mammal to prevent or treat a clinical disorder 
associated with the undesired immune response. The 
methods are also used to prevent onset of such a disease, 
and in the case of a recurring autoimmune disease, to 
prevent remissions. The autoimmune disease is a 
preferably characterized by chronic or recurring 
inflammation, e.g., an autoimmune disease which is Thl- 
mediated. Such diseases, e.g.. Grave's disease, multiple 
sclerosis, Crohn's disease, rheumatoid arthritis, type 1 
diabetes mellitus, and juvenile chronic arthritis, are 
characterized by an imbalance in Thl/Th2 cell responses 
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in the manimal in which Thl response dominate. The 
methods are also used to inhibit transplant rejection, 
e.g., rejection of histoincompatible cells, tissue, or 
whole organs, which is mediated by an undesired Thl 
immune responses. An undesired immune response is one 
that contributes to a clinically relevant disorder. For 
example, an undesired Thl -associated immune response is a 
pathological imbalance between the Thl and Th2 helper 
cell subsets. Other undesired Thl-mediated immune 
responses include inflammatory reactions associated with 
Lyme Disease-associated arthritis, skin contact 
dermatitis, and Hashimoto's thryroiditis . Preferably, 
the mammal is a rat, mouse, guinea pig, hamster, dog, 
cat, pig, cow, goat, sheep, horse, monkey, or ape; more 
preferably, the mammal is a human. 

dsRNA is administered to the mammal in a 
therapeutical ly-effective amoimt. A therapeutically- 
effective amount is one that induces a Th2 response in 
the mammal . 

Induction of a Th2 response in the mammal 
antagonizes the undesired Thl response which is involved 
in the pathogenic state, thereby preventing or reducing 
the severity of the pathogenic state. A Thl associated 
immune response is inhibited by increasing a the level of 
a Th2 response, e.g, by increasing the level of Th2 cells 
in the mammal, by increasing the production of Th2--type 
cytokine production, by increasing the level of antibody 
production, or by inducing class switching of antibody 
isotype (e.g., switching from IgG or IgM production to 
IgE production) . A Thl-associated immune response is 
also inhibited by decreasing the level of Thl cells or 
decreasing the production of Thl-type cytokines. 

By a "substantially pure dsRNA" is meant a dsRNA 
which is separated from those components (proteins and 
other naturally-occurring organic molecules) that 
naturally accompany it or a dsRNA which is chemically 
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synthesized. The dsRNA polymer is preferably at least 10 
nucleotides, more preferably at least 30 nucleotides, 
more preferably at least 50 nucleotides, and most 
preferably at least 100 nucleotides in length. For 
example, the dsRNA to be administered is a 500 or 600- 
mer. At least 50%, more preferably at least 85%, more 
preferably at least 95%, more preferably at least 99%, 
and most preferably 100% of the RNA polymer composition 
to be administered is double -stranded. The therapeutic 
nucleic acid preparation may be delivered encapsulated in 
a cationic lipid preparation or unencapsulated. 

The dsRNA is derived from a virus or viral ly- 
infected cell or is chemically synthesized. In the 
former case, the virus is preferably selected from the 
group consisting of a Respiratory Enteric Orphan Virus 
(reovirus) , rhinovirus, vaccinia virus, adenovirus, 
influenza virus. Polio virus, Epstein-Barr virus, and. 
bacteriophage <f>. In the latter case, the dsRNA 
preferably contains a polyriboinosinic-polyribocytidilic 
acid (poly I:C), or a polyriboinosinic acid/polycytidilic 
acid/uridylic acid (poly (I) :poly (C12U) ) . Alternatively, 
the dsRNA is, a synthetic viral dsRNA. A synthetic viral 
dsRNA is a chemically synthesized dsRNA which has 
the nucleotide sequence of a naturally-occurring dsRNA in 
a virion or a virally- infected cell. 

The therapeutic composition is administered 
systemically or locally. For systemic administration, 
the preferred route is intravenous; however, in some 
cases oral, buccal, parenteral or rectal administration 
are used. For some autoimmune diseases such as 
arthritis, the dsRNA is administered locally to a site in 
the body of the mammal, e.g., an arthritic joint. 

The invention also includes a method of 
determining a cellular response to a viral infection by 
measuring dsRNA-activated antiviral protein kinase (PKR) 
activation, e.g., by detecting measuring 
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autophosphorylation of PKR. An increase in 
autophosphorylation of PKR in a patient -derived sample of 
cells compared to the amount of autophosphorylation in a 
sample of cells known to be uninfected (or a standard 
control value) indicates an allergic or asthmatic 
response to the viral infection. Rather then measuring 
autophosphorylation of PKR in the patient -derived sample 
of cells, expression of germline e is measured. An 
increase in the level of expression of germline e in a 
patient -derived sample of cells compared to the amount of 
expression in a sample of cells known to be uninfected 
(or a standard control value) indicates an allergic or 
asthmatic response to the viral infection. 

A method of predicting an asthmatic attack in a 
mammal is also within the invention. PKR activation is 
measured by detecting autophosphorylation of PKR. An 
increase in autophosphorylation of PKR in a sample of 
patient -derived cells (compared to a normal control 
sample of cells or a standard control value) indicates 
increased risk of the onset of an asthma attack in the 
patient. 

Other features and advantages of the invention 
will be apparent from the following detailed description, 
and from the claims. 

Brief Description of the Drawings 

Figs. lA-B are autoradiographs of the products of 
a polymerase chain reaction (PCR) on an electrophoretic 
gel showing that rhinovirus infection of Ramos B cells 
leads to the expression of germline e transcript. Fig. 
lA shows germline e expression, and Fig. IB shows 
glyceraldehyde phosphate dehydrogenase (GAPDH) expression 
as a control for equal loading of RNA in each lane. 

Fig. 2 is a photograph of PCR products on an 
electrophoretic gel showing that rhinovirus mRNA was 
detected in rhinovirus -infected B cells. 
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Figs 3A-B are photographs of PGR products on an 
electrophoretic gel showing that infection of Ramos B 
cells with respiratory, syncytial virus (RSV) results in 
e3qpression of germline e. Fig. 3A shows expression of 
germline €, and Fig. 3B shows expression of the 
housekeeping gene, GADPH, as a control. 

Fig. 4 is a photograph of a Bgl I digested germline 
e PGR fragment. 

Figs, 5A-B are autoradiographs showing that 
vaccinia virus -encoded E3L polypeptide modulates germline 
e expression. Fig. 5A shows expression of germline €, 
and Fig. 5B shows expression . of GADPH as a control. 

Fig. 6 is an autoradiograph showing the results of 
a Western blot assay in which vaccinia virus proteins 
were detected in infected B cells. 

Fig. 7 is an autoradiograph showing that ESL- 
deleted vaccinia virus activates PKR protein expression 
in Ramos cells. 

Figs. 8A-B are autoradiographs showing that dsRNA 
treatment of B cells induced the expression of germline 
€. Fig. 8A shows expression of germline e, and Fig. 8B 
shows expression of GADPH as a control. 

Figs. 9A-B are photographs of PGR products on an 
electrophoretic gel showing that germline e expression 
induced by dsRNA is not mediated by interferon. Fig. 9A 
shows expression of germline e, and Pig. 9B shows 
expression of GADPH as a control. 

Fig. 10 is an autoradiograph of the results of an 
in vitro kinase reaction showing that PKR was induced in 
an inactive form by IFN-c^ and IFN-jS, but not by IFN-7. 

Fig. 11 is an autoradiograph of an electrophoretic 
mobility shift assay (EMSA) showing the kinetics of 
dsRNA- induced NFkB activation. 

Fig. 12 is an autoradiograph of an EMSA showing 
that p50 and p6 5 -containing NF/cB complexes were induced 
by dsRNA. 
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Fig, 13 is a photograph of PGR products on an 
electrophoretic gel showing that dsRNA treatment induces 
cytokine tnRNA in human peripheral blood lymphocytes. 

Fig. 14 is a bar graph showing that IL-4 is 
induced by dsRNA treatment. 

Detailed Description of the Invention 

Thl cells and Th2 cells are mutually antagonistic. 
The invention provides methods of treating or preventing 
Thl-mediated autoimmune diseases by administering dsRNA. 
Many of the Thl -mediated autoimmune disease are 
characterized by chronic inflammation with strong cell- 
mediated immunity and a low antibody response. 
Modulation of the Thl bias in chronic inflammatory 
autoimmune diseases such as multiple sclerosis, 
rheumatoid arthritis, and diabetes, to increase Th2 
responses is clinically beneficial . 

Effective treatments for autoimmune diseases have 
been elusive. Often, therapeutic approaches are limited 
to treating symptoms rather than the cause of the 
disease. The elucidation of the pathway for IgE 
induction, and the and the exploitation of this pathway 
to induce a Th2 response provides a solution to a 
longfelt problem in the treatment of Thl -mediated 
autoimmune diseases. By restoring the balance between 
the Th-1 and Th-2 cytokine response with administration 
of dsRNA, proper immune function is restored. 

Viral infections induce IgE class switching. The 
mechanism by which this occurs involves accessibility of 
viral dsRNA, leading to autophosphorylation of PKR, which 
in turn induces both p50 homodimerization and p50/p65 
heterodimerization of NKacB. This favors a Th2 cytokine 
profile (thereby antagonizing the Thl response) and IgE 
production. 

The dsRNA to be administered includes, but is not 
limited to dsRNA purified from a virus, e.g.. Respiratory 
Enteric Orphan Virus (REO) . Viral dsRNA is isolated 
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using well known methods, e.g, from virions or from 
virus -infected cells. Eukaryotic .viruses such as 
Reovirus or Rotavirus or prokaryotic viruses such as 
bacteriophages (e.g., bacteriophage 0 such as 
bacteriophage (f> 6) are used as sources of dsRNA. Virions 
are isolated using known methods, and dsRNA is purified 
from those components (proteins and other naturally- 
occurring organic molecules) which naturally accompany it 
in the virion or in an infected cell by standard 
phenol /chloroform extraction and ethanol precipitation 
(e.g., using methods described in Drastini et al., 1992, 
J. Virological Methods 39:269-278; Onodera et al., 1995, 
Virology 212:204-212; and Mindich L., 1988, Adv. in Virus 
Research 35:137-176). Purity of the dsRNA preparation is 
determined spectrophotometrically, e.g., at 260/280 nm. 
Alternatively, purity is assessed by resolving the 
components of the preparation using SDS-PAGE followed by 
silver staining, a procedure that allows visualization of 
dsRNA and contaminating proteins and DNA. A preparation 
of virally-derived RNA is substantially pure when it is 
at least 50%, preferably at least 75%, more preferably at 
least 90%, more preferably at least 95%, and most 
preferably 100% RNA. 

dsRNA is also generated synthetically using 
methods well known in the art. Poly I:C is chemically 
synthesized or it can be purchased. Other ribonucleotide 
polymers are chemically synthesized using known methods. 
For example, a synthetic ribonucleotide polymer is 
synthesized to mimic the nucleotide sequence of a 
naturally-occurring viral dsRNA or it may contain non- 
naturally occurring nucleotides. In addition to adenylic 
acid, guanylic acid, cytidylic acid, and uridylic acid, 
^^tificial or non-naturally occurring nucleotides are 
incorporated into an RNA polymer if desired. The dsRNA 
may be matched, e.g., poly (I:C), or mismatched, e.g., 
poly (I) :poly (C„U) . 
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Thl -mediated autoimmune diseases to be treated 
include Grave's disease, multiple sclerosis, Crohn's 
disease, rheumatoid arthritis, type 1 diabetes mellitus, 
rheumatoid arthritis, and juvenile chronic arthritis. 
Identifying patients with these autoimmune diseases is 
well known in the art. 

Other Thl -associated immune disorders include 
transplant rejection. dsRNA is administered before 
and/or after transplantation to prevent or reduce the 
severity of tissue rejection. The therapeutic method is 
also to prevent or reduce the severity of other chronic 
or acute inflammatory disorders in which Thl immune 
responses are involved, e.g., Hashimoto's thyroiditis, 
Lyme Disease-associated arthritis, and contact 
dermatitis. Methods of diagnosing these disorders are 
also well known in the art. 

The invention also encompasses methods for 
exploiting the mechanism by which dsRNA leads to 
autophosphorylation of PKR, which in turn induces both 
p50 homodimerization and p50/p65 heterodimerization of 
NK/cB. Such mechanisms favor a Th2 cytokine profile and 
IgE production. As a. result, IgE-mediated human asthma, 
and allergy are exacerbated. Inhibitors of dsRNA, e.g., 
reovirus sigma 3 protein and vaccinia E3L protein, are 
used to treat patients suffering from asthma by blocking 
IgE production. 

Therapeutic app roaches to Thl-mediated autoimmune 

dsRNA (synthetic or derived from virally- infected 
cells) is introduced into a patient suffering from a 
Thl -associated immune disorder (or at risk of developing 
such a disorder) by standard nucleic acid delivery 
systems. Suitable nucleic acid delivery systems include 
microencapsulation (e.g., described in Tice et al. in 
European Patent Application EP 0 248 531 A2) , liposomes, 
receptor-mediated delivery systems, naked nucleic acid 
delivery, and vector-mediated delivery. For example, for 
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administration to human patients, dsRNA is stabilized 
with poly-L-lysine and carboxyme thy 1 cellulose. 

. The double -stranded portion of a dsRNA RNA polymer 
is preferably over the length of at least a 10-mer. 
Preferably the length of the double -stranded portion is 
over at least 3 0 nucleotides, more preferably at least 
100 nucleotides, and most preferably at least 500 
nucleotides. Regardless of the length of the polymer, in 
preferred embodiments, the entire length of a dsRNA 
polymer is double-stranded. The maximal length of is 
limited by the toxicity of the dsRNA polymer; toxicity is 
tested using methods well known in the art, e.g., those 
described by Cornell et al., 1976, J. Natl. Cancer 
Instit. 57:1211-1216 or Freeman et al., 1977, J. Med. 
Virol, 1:79-93. Toxicity of parenterally-administered 
dsRNA is also related to the average molecular weight of 
the therapeutic composition; preferably, the average 
molecular weight of the dsRNA is less than 50,000 Da. 

dsRNA is administered in a pharmaceutically 
acceptable carrier. Pharmaceutically acceptable carriers 
are biologically compatible vehicles which are suitable 
for administration to an animal, e.g., physiological 
saline. A therapeutically effective amount is an amount 
of the dsRNA of the invention which is capable of 
producing a medically desirable result in a treated 
animal, i.e., induction of a Th2-type immune response. 
As is well known in the medical arts, dosages for any one 
patient depends upon many factors, including the 
patient's size, body surface area, age, the particular 
compound to be administered, sex, time and route of 
administration, general health, and other drugs being 
administered concurrently. Dosages will vary, but a 
preferred dosage for intravenous administration of dsRNA 
is from approximately 0.1 to 100 mg/kg of body weight. 
As is described below (Example 14 and Fig. 14), dsRNA 
induces production of a Th2-type profile of cytokines 
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(and therefore a Th2 immune response) in the range of 
about p. 01 lig/ml to 5 /zg/ml; this effective concentration 
is equivalent to mg/kg doses. Doses in the range of 1 to 
10 mg/kg of body weight (e.g., 3-12 mg/kg, e.g, 6 mg/kg) 
are safely administered to human patients with minimal 
toxicity. Alternatively, dsRNA is administered in a 
single dose (e.g., in the range of 100-1000 mg, e.g., 
200-600 mg) . The dsRNA may be administered locally or 
systemically. Administration will generally be 
parenterally, e.g., intravenously. However, in some 
situations, dsRNA may be administered directly to a 
target site, e.g., to an arthritic joint. The preferred 
form of the composition and route for delivery for 
administration depends on the intended mode of 
administration and therapeutic application. 
Viral Modulation of Immune Cell Functinn 

Viruses modulate cellular functions by two 
different enzymatic pathways. The first pathway is the 
2' -5' oligoadenylate synthetase/RNase L pathway, and the 
second pathway is the PKR pathway. Both pathways are 
induced upon viral infection but remain inactive. 
Double -stranded RNA_, viral or synthetic, can activate 
both IFN- induced pathways as long as it contains an 
uninterrupted minimum length of 30-100 base-paired 
double-stranded region. Since dsRNA is present at some 
stage during replication of most viral strains (RNA and 
DNA viruses) , dsRNA is the signal by which cells 
recognize viral infection. 

A cellular response to viral infection is measured 
by detecting PKR activation. Detection of PKR 
autophosphorylation is useful in predicting an allergic 
or asthmatic response in a patient. PKR activation is 
preferably measured by detecting PKR autophosphorylation 
as described in the examples which follow, but other 
methods known to those of skill in the art can also be 
used. 
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Oliqo adenylate pathway 

Although the 2' -5' oligoadenylate synthetase is 
induced 50-100 fold upon interferon treatment, it remains 
in an inactive form until it interacts with dsRNA. The 
enzyme 2' -5 'adenylate synthetase catalyzes the 
polymerization of ATP into a series of heat-stable 
oligomers consisting of 2-15 molecules of adenylic acid 
that are linked in an unusual 2' -5' fashion. These 
series of 2' -5' oligo-adenylates are not directly 
involved in the inhibition of translation, rather they 
activate a latent endoribonuclease called RNAse L 
(Latent) . Activated RNAse L has the ability to degrade 
single stranded RNA. Viral mRNA is degraded 
preferentially over cellular mRNA, This selective in 
vivo degradation of viral mRNA is due to localized 
activation of the synthetase only in compartments where 
viral replication is taking place. 
Protein kinase pathway . 

Anti viral protein kinase PKR (previously known as 
pi, p68, DAI and dsRNA-activated kinase) was originally 
described by Lebleu et al. in 1976 (Lebleu et al . , 1976, 
Proc. Natl. Acad. Sci. USA, 73:3107-3111). A unique 
feature of this enzyme is that it is activated by dsRNA. 
One of the key mechanisms by which eukaryotic cells 
regulate cellular activity is by protein phosphorylation- 
dephosphorylation. PKR is a serine/threonine protein 
kinase with a molecular weight 67 kDa (mouse) or 72 kDa 
(human) . It is present in untreated cells, but its level 
is increased five to ten fold after viral . infection and 
exposure to IFN (predominantly IFN-a and IFN-6) . 

Results from in vitro assays suggest that PKR can 
be activated by low concentrations of dsRNA (0.001- 10 
M9/ml) , but high concentrations (>10 /xg/ml) are 
inhibitory. Activated PKR, evidenced by 
autophosphorylation, subsequently phosphorylates the 
small (a) subunit of the eukaryotic protein synthesis 
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initiation factor 2 (eIP-2 a) . This leads to inactivation 
of eIF-2 a and a block in the initiation of translation 
in the cellular compartment in which the viral infection 
takes place. The data described herein shows a direct 
action of virus on the production of germline c 
transcripts. ■ 
NF/gB activation 

NFkB is a multisubunit transcription factor 
present in eukaryotic cells. The canonical complex is 
comprised of a 50 kDa (p50, RB-1) and a 65 kDa (p65, Rel 
A) subunit. Other related subunits of the NFkB complex 
(plOS, Rel B, Rel C) have also been described. Due to 
the association of IRB (the inhibitor of NF«B) , this 
transcription factor is present intracytoplasmically in 
an inactive form. Many different stimuli such as LPS, 
anti-CD40, various cytokines and dsRNA have been shown to 
activate NFkB. The activation of NFkB is mediated by 
phosphorylation and thereby inactivation and degradation 
of IRB. The activated NFkB conplex, which contains 
hetero- and homodimers of different subunits, migrates to 
the cell nucleus where it can bind to a decameric motif . 
This motif is associated with the enhancer region of many 
genes. The composition of different hetero- and 
homodimers is thought to differentially regulate 
transcriptional activation of various genes. For 
example, a 40- fold decrease was detected in the 
production of antigen-specific IgE in pSO knockout mice. 

In addition, NFicB may be important for IL-4 
expression. Since IL-4 is a potent Th2 cytokine, 
activation of PKR and subsequently NFitB by dsRNA could 
lead to Th2 responses. 
Virallv-encoded inhibitors of PKR 

Activation of PKR is thought to be an almost 
universal signal for viral infections. The presence of 
dsRNA as a genomic fragment, replicative intermediate, or 
dsRNA stem and loop structures can activate this 
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enzymatic pathway. However, to successfully replicate, 
many viral strains have evolved to encode inhibitors of 
this host defense mechanism. For example, cells infected 
with adenovirus contain a virally-encoded small molecule 
of RNA called VAl. VAl RNA is conposed of 160 
nucleotides with short double -stranded regions. VAl 
binds to the protein kinase but the lengths of the 
double -stranded regions are not sufficient to activate 
this enzyme. Thus, binding of VAl RNA to PKR blocks the 
interaction of PKR with longer dsRNA, 

Reovirus -encoded s3 protein also inhibits PKR. 
This inhibition is due to the interaction of s3 protein, 
in a stoichiometric manner, with dsRNA. In effect, s3 
protein is capable of masking the dsRNA from PKR. 
Vaccinia virus also contains an inhibitor of PKR. 
Vaccinia virus-encoded protein kinase inhibitory activity 
is due to the presence of the E3L polypeptide that also 
interacts in a stoichiometric manner with dsRNA. Several 
other viral strains such as HIV, Polio, Influenza, and 
Epstein-barr virus have also been reported to contain PKR 
inhibitory factors. To date, no such inhibitors have 
been found for RSV or rhinoviinis. Therefore, in 
infections with rhinovirus and RSV, PKR can be activated, 
and in turn, activate NKkB. Although most viral strains 
examined to date possess PKR inhibitory factors, PKR is 
still activated by infections with several viral strains. 
This apparent discrepancy may be due to the ratio between 
the level of the PKR inhibitory factor and dsRNA. present 
in the infected cells. Alternatively, it is known that 
subtype variability among viral strains may affect 
activation. For example, reovirus type 1 which produces 
high levels of s3 protein, can replicate much more 
efficiently than the reovirus type 3 which produces low 
levels of S3 protein. This difference in viral 
replication is attributed to the ability of s3 protein to 
inhibit PKR activation. 
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As described below, infection of Ramos B cells 
with vaccinia virus lacking the E3L polypeptide (an 
inhibitor of PKR activation) resulted in induction of 
germline 6 expression, while, infection with wild type 
vaccinia virus expressing E3L did not result in an 
increase in the expression of germline e. These data 
indicate that induction of IgE class switching as a 
mechanism by which viral infection augments allergic 
asthma . 

The examples described below are provided for 
illustrative purposes only and are in way intended to 
limit the scope of the present invention. 
Cell lines, culture condi tions and reaaentfl 

Human Burkitt's lymphoma B cell line (American 
Type Culture Collection (ATCC) designation number 
2G6.4C10; "Ramos") was purchased from ATCC (Rockville, 
MD) . Cells (1 X 10^ to 1 X lOVmlj were grown in RPMI- 
1640 supplemented with 10% fetal calf serum, 0.1 mM non- 
essential amino acids, 1 mM sodium pyruvate and 
gentamicin sulfate at 5 /xgMl. Cells were cultured at 
37 °C in a 5% COj humidified chamber. Synthetic dsRNA, 
e.g., polyribpinosinic-polyribocytidilic acid (poly I:C) 
was purchased from SIGMA, St. Louis, MO 

Example 1; Rhinovir us infection of Ramos cells leads to 

the exp ression of germline g transcript 

Ramos cells (surface IgM* uncommitted B cells) 
were infected with equal units (1 tissue culture 
infective dose/cell) of rhinovirus 14 or 16. After 48 
hours, total cellular RNA was extracted and 1 fig of RNA 
was subjected to reverse transcription and 25 cycles of 
PCR using primers specific for germline e. The PCR 
products were resolved on a 2% agarose gel. To determine 
the identity of a unique 210 bp band, southern blot 
hybridization was carried out using standard methods. 
After gel electrophoresis, the PCR amplified fragments 
were transferred to nylon membrane (Immobilon-N, 
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Millipore) . The membrane was probed with a "P-labeled 
oligonucleotide specific for the internal sequence of 
germline e . After hybridization and washing, the 
products were visualized by autoradiography. 

Both rhinovirus strains (14 and 16) induced 
germline e expression. However, infection with 
rhinovirus 16 led to a lower level of germline e 
expression than rhinovirus 14. It is conceivable that 
these two viral strains differ in their capability to 
activate PKR. Alternatively, the difference may reflect 
titration discrepancies. Neither untreated or mock 
infected cells showed germline € expression. A probe for 
IL-4, a potent stimulator of IgE class switching, was 
used as positive control, and a probe for GAPDH, a 
housekeeping gene, was used to show equal loading of RNA 
in each lane. PGR fragments were visualized by ethidium 
bromide staining (Figs. lA-B) . 

Example 2: Det ection of rhinovirus mRNA in infected B 
cells 

Since infection of human B cells with rhinovirus 
has not been previously demonstrated, experiments were 
undertaken to d emonstrate the presence of rhinovirus RNA 
(14 and 16) in infected Ramos cells. RT-PCR was 
performed on 1 /xg of total RNA using primers specific for 
both rhinovirus strains . The PGR products were resolved 
on an electrophoretic gel, and were visualized by 
ethidium bromide staining. As shown in Fig. 2, the data 
indicate that rhinovirus RNA, both type 14 and 16, were 
detectable in the infected cells. 

The presence of viral RNA in the cells does not 
necessarily imply replication. However, the activation 
of PKR does not require viral replication. To activate 
PKR, the positive stranded viral genome must be 
transcribed into a negative strand RNA. The association 
of the negative strand with the genomic RNA leads to 
formation of dsRNA. The polymerization of the genomic 
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RNA into negative strand RNA is mediated by a viral 
particle-associated polymerase. Rhinovirus dsRNA is also 
present in rhinovirus infected human embryo lung cells. 
Members of the picornaviridae family (rhinovirus, 
poliovirus and mengoviinas) can also activate PKR. 
Example 3 : Infection of Ramos B cells with RSV results 
in expression of germline e 

Ramos cells were infected with human RSV at a 
multiplicity of infection (M.O.I.) of 5 plaque forming 
units (pfu)/cell, and after 48 hours, total cellular RNA 
was extracted (n=2) . To increase the amount of PGR 
products to a level detectable by ethidium bromide 
staining, the PGR cycle number was increased to 42. The 
PGR products were resolved by electrophoresis, and then 
were visualized by ethidium bromide staining (Figs. 3A- 
B) . 

Exampl e 4: Restriction mapping of aermline e PGR 
fragment 

The identity of a 210 PGR product as germline e 
was confirmed by Bgll digestion. The resulting bands 
were 95 and 115 bp as expected and are shown in Fig. 4. 
Not only does the Bgll digestion confirm the identity of 
this PGR product as germline e, it can. also be used as an 
alternative to southern blot analysis to identify the 
band. 

Example 5; Vaccinia virus-encoded E3L polvpeptide 
modulates germline c-expreaaion 

Two strains of vaccinia virus were used to study 
germline € expression. Wild type Vaccinia virus 
(Gopenhagen strain) inhibits the activation of PKR due to 
virally encoded polypeptide E3L. The E3L polypeptide 
inhibits PKR by interacting with dsRNA and blocking its 
interaction with PKR. The second strain, a mutant of 
vaccinia virus is identical to the wild type Gopenhagen 
strain except that the sequences encoding the E3L 
polypeptide were deleted. Ramos cells were infected 
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with wild type vaccinia virus and the E3L-deleted mutant 
at a M.O.I, of 5 pfu/cell *(n=3) . RNA extraction, RT-PCR 
and gel electrophoresis of the PGR products were 
performed. As shown in Figs. 5A-B, the E3L-deleted 
mutant, known to activate PKR, also induced germline e. 
In contrast, wild type vaccinia vims, which does not 
activate PKR, did not induce germline e, suggesting that 
E3L regulation of PKR activity modulates IgE class 
switching. 

Example 6: De tection of vaccinia virus proteins in 
infected B cells . 

To determine whether vaccinia virus could infect 
Ramos B cells, a Western blot analysis was carried out 
using rabbit polyclonal anti-vaccinia virus p25 protein. 
Equal amounts (as determined by bicinchoninic acid 
protein determination assays. Pierce, Rockford, IL) of 
detergent extracts prepared from vaccinia virus infected 
cells (1 X 10^) were subjected to SDS-PAGE and Western 
blot analysis. The immunoblotted proteins were 
visualized using enhanced chemi luminescence assay (ECL; 
Amersham Corp. Arlington Heights, IL) . As shown in Fig. 
6, vaccinia virus-encoded p25 is expressed in human B 
cells infected with the wild type and the E3L-deleted 
mutant virus. 

Example 7: E3 L-deleted vaccinia virus activates PKR in 
Ramos cells 

To determine whether vaccinia infection of B cells 
leads to activation of PKR, Ramos cells were infected 
with the virus (previous studies were limited to HeLa 
cells) . After 24 hours of infection, detergent lysates 
were prepared and equal amounts (from 5 x 10^ cells) were 
subjected to in vitro kinase reactions using [y-"P] -ATP 
in the absence or presence of 1 /zg/ml of dsRNA (n=2) . 
The proteins were resolved by 10% SDS-PAGE and were 
visualized by autoradiography of the dried gel. The band 
at approximately 72 kDa is PKR. These results 
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demonstrate that, as with HeLa cells, infection of Ramos 
cells with the E3L-deleted vaccinia virus results in 
activation of PKR. As indicated in Fig. 7, addition of 
exogenous dsRNA to cell extracts prepared from E3L- 
deleted infected cells did not result in any increase in 
PKR activation. This is likely due to maximal activation 
of PKR- by E3L-deleted vaccinia virus infection. 

The common molecular mechanisms by which viral 
infections induce and exacerbate asthma are not yet 
clear. Additionally, animal studies examining viral 
induction of IgE production do not provide data 
indicating which cells mediate the virally induced 
effects. Finally, it is not clear from data collected in 
animal studies, whether the virally- induced increase in 
IgE levels is due to IgE class switching or to activation 
of IgE-committed cells. In contrast to previous studies, 
the data described herein was conducted in a human system 
and demonstrates a direct viral modulation (e.g., by 
dsRNA) of surface IgM* B cells results in IgE class 
switching. 

Example 8: ds RNA treatment induces expression of 

qermline e ^ 

Contacting cells with dsRNA mimics the effects of 
viral infection with respect to the activation of PKR. 
Therefore, the effects of dsRNA on IgE class switching 
was examined. Since the first step in IgE class 
switching is the expression of an immature IgE transcript 
(germline e) , RT-PCR was carried out to detect a germline 
€ transcript as an indication of IgE class switching. 

Ramos cells were either left untreated or were 
treated with various concentrations of dsRNA. After 72 
hrs, total cellular RNA was extracted and equal amounts 
were subjected to RT-PCR using primers specific to 
germline e. RNA was isolated by TRIzol total RNA 
isolation system (Bethesda Research Laboratories (BRL) , 
Gaithersburg, MD) . After reverse transcription, the cDNA 
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was amplified in the presence of 2 fig/ml of primers, 100 
fiM dNTPs, 0.25 U of Taq polymerase (Perkin Elmer), 10 mM 
Tris-HCl, pH 9.0, 50 mM KCl, 1.5 mM MgCla and 0.001% 
gelatin in a final volume of 25 ^1. Primers for constant 
6 exon- derived sequence (5' AGAGGTCGGGCATTGGAGGGAATGT 3'; 
SEQ ID N0:1) and germline € exon-derived sequence (5' 
AGGCTCCACTGCCCGGCACAGAAAT 3'; SEQ ID NO: 2), and GAPDH 
forward primer (5' CACAGTCCATGCCATCACTG 3'; SEQ ID NO: 3) 
and reverse primer (5' TACTCCTTGGAGGCCATGTG 3'; SEQ ID 
NO: 4) were used in the PGR reactions. PGR was performed 
in a DNA thermal cycler (Perkin-Elmer) for 42 cycles for 
vaccinia infections, 25 cycles for rhinovirus infection 
or for germline 6, and 25 cycles for GAPDH. For 
restriction endonuclease mapping, the 210 bp PGR product 
corresponding to germline e cDNA was purified using the 
QIAquick gel extraction kit (Qiagen, Chatsworth, CA) . 
The purified fragment was digested with Bgll enzyme (BRL) 
for 2 hrs at 37'C, and the products were resolved on a 2% 
agarose gel. A 100 bp ladder (BRL) was used to provide 
molecular weight markers. To detect any differences in 
the induction of germline € transcript by the two viral 
strains of rhinovirus used, the amplified products after 
25 cycles were visualized by southern blot hybridization 
using a tT-^P ] -end labelled internal primer specific to 
germline e (5' AGCTGTCCAGGAACCCGACAGGGAG 3'; SEQ ID 
N0:5). 

Data revealed that treatment of Ramos cells with 
dsRNA resulted in a concentration dependent expression of 
germline e transcript (Figs. 8A-B) . A unique 210 bp PGR 
product was purified and subjected to restriction enzyme 
mapping using Bgll. The resulting fragments were 95 and 
115 bp in length corresponding to the appropriate 
expected sizes for Bgll digest of germline € cDNA 
sequence . 

Example 9; Ge rmline e expression induced by dsRNA is not 
mediated bv interfpr-nn 
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dsRNA treatment of eukaryotic cells results in the 
elaboration of IFNs. Experiments were therefore 
undertaken to determine whether the dsRNA- induced IgE 
class switching is due to the autocrine effects of IFNs 
on Ramos cells. Ramos cells were treated with 100 u/ihl 
of human IFN-a or IFN-S (Lee Biomolecular, San Diego, 
CA) , IFN-7 and human IL-4 (Sigma, St. Louis, MO). After 
24 hrs, cells were washed twice with isotonic buffer 
containing, 2 0 mM Hepes, pH 7.5, 120 mM KCl, 5 mM MgOAc 
and 1 mM DTT. Cells were then lysed in buffer containing 
20 mM Hepes, 120 mM KCl, 5 mM MgOAc, 1 mM Benzamidine, 
ImM DTT and 1% Nonidet P-40. After RNA extraction and 
RT-PCR using germline e -specific primers (described 
above) , the data revealed that IFN treatment alone did 
not induce class switching in Ramos cells (Figs, 9A-B) • 
However, RT-PCR on the RNA extracted from cells treated 
with IL-4, a cytokine known to be a potent inducer of IgE 
class switching, amplified the 210 bp product 
corresponding to germline e . 

Example 10: PKR is induced in an inactive form bv IFN-ty 
and IFN-j8 but not IFN-v 

To determine whether IFN treatment was effective 
in the induction of PKR, detergent cell extracts from the 
mock- treated or IFN- treated cells were prepared. 
Mixtures for in vitro phosphorylation of cellular 
extracts contained 20 mM Hepes, pH 7»5, 90 mM KCl, 5 mM 
MgOAc, 1 mM DTT, 100 /xM [7""P ]ATP (Amersham, specific 
activity 1 Ci/mM) , 100 /xM ATP (Sigma, St. Louis, MO), and 
equal amounts of detergent extract prepared from 1 x 10^ 
cells, in a final volume of 25 /zl. dsRNA was added to 
the reaction mixtures, and the mixtures were incubated at 
30*C. After 10 min, the reactions were quenched by adding 
SDS- sample buffer containing a final concentration of 
2.5% S-mercaptoethanol and boiling for 2 min. The 
reduced, denatured proteins were then resolved using 10% 
SDS-PAGE and visualized by autoradiography. 
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The results of in vitro kinase reactions, 
performed in the presence or absence of dsRNA, showed 
that both IFN-a and IPN.-6 could increase the expression 
of PKR in an inactive state, but PKR was only activated 
in the presence of dsRNA. These data indicate that the 
induction of PKR without activation by dsRNA is riot 
sufficient for induction of a Th2 type response such as 
class switching (Fig. 10) . Treatment of Ramos cells with 
IFN-7, however, did not result in such an increase (Fig. 
10) . 

Example 11; Activation of NFxfi in Ramos cells bv dsRNA 
treatment 

dsRNA as well as viral infections activate NFkB 
through the activation of PKR and subsequent 
phosphorylation and inactivation of IRB. To examine the 
effects of dsRNA treatment on NFitB activation in Ramos 
cells, EMSAs were carried out. 

Ramos cells were treated with 10 /zg/ml of dsRNA 
and whole cell extracts were prepared after various times 
post treatment. Cell extracts for EMSA were prepared 
using standard methods. EMSAs were performed using [-y-^^P 
] -end labelled NK«B.. (from kappa light chain) consensus 
oligonucleotide (Promega, Madison, WI) . The reactions 
(20 111) contained of 2 /xL of nuclear extract in buffer 
containing 20 mM Hepes (pH 7,5), 50 roM KCl, 0,2 mM EDTA, 
10% glycerol, 40 fig/ml Poly dl.C: dl.C, 0.05% NP-40 and 
0.5 ^1 of labeled probe. After 15 min at 37«C, the 
protein/DNA complexes were resolved on 4.5% non- 
denaturing polyacryl amide gel and were visualized by 
autoradiography of the dried gels. 

Data from EMSA showed that NFkB complex was 
induced upon dsRNA treatment (Fig, 11). The maximal level 
of NF«B activation was observed at 4 hrs post treatment. 
Example 12: pSO and d65 containing NK/^B complexes were 
induced bv dsRNA 
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To determine which of the NFkB subunits were 
involved in the dsRNA- induced conr^lex, supershift assays 
were performed using mAbs to several known subunits of 
NFkB complex. Ab-mediated supershifts revealed that both 
p50 (RB-l) and p65 (Rel-A) subunits were induced upon 
dsRNA treatment (Fig. 12), however there was no 
supershift with Ab to c-Rel. Also, the combined addition 
of anti p50 and anti p65 induced the retardation of p65- 
containing complex without any further change in the 
retardation of p50- containing complex, suggesting the 
presence of homodimer of p50 as well as heterodimer of 
p50 and p65 in the dsRNA treated Ramos cells. 
Example 13: 11 -4 mRNA is induced by dsRNA treatment of 
human cells 

To determine whether dsRNA treatment could induce 
cytokine expression, Ramos B cells and peripheral human 
blood lymphocytes -..(PBL)- were treated with dsRNA. Semi- 
quantitative RT-PCRs were performed for IL-4, IFN-7, IL- 
12 (p35 subunit), IL-12 (p40) , IL-13, and the 
housekeeping gene GAPDH. The cycle numbers were 
optimized in order to harvest the products within the 
linear range of amplification. 

At high concentrations of dsRNA (30 /xg/ml) , IL-4 
mRNA expression was inhibited. The data also shows that 
the activation of PKR is also inhibited at high 
concentrations of dsRNA (>10 /xg/ml as assessed by in 
vitro kinase assays. The data also reveal a reduction in 
IL-4 mRNA levels at high dsRNA concentrations. 
Example 14 : Cvt okine protein expression is induced bv 
dsRNA treatment 

Ramos cells, CEM human T cells, and human PBLs 
were treated with 1 /xg/ml of poly I:C. After 24 hours, 
the expression of IL-4 and IFN-y was examined by ELISA 
(Fig. 14) . The error bars indicate the average of two 
different experiments. These data indicate that dsRNA 
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induces the production of a Th2-type profile of cytokines 
at concentrations of approximately 0.01-5 /xg/ml. 

All references cited herein are incorporated by 
reference in their entirety. While the invention has 
been described in detail, and with reference to specific 
embodiments thereof, it will be apparent to one with 
ordinary skill in the art that various changes and 
modifications can be made therein without departing from, 
the spirit and scope thereof. 

Other embodiments are within the claims. 
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What is claimed is: 

1. A method of inhibiting an imdesired 

Thl -associated immune response in a mammal suffering from 
or at risk of developing said response comprising 
administering to said mammal a substantially pure double- 
stranded ribonucleic acid (dsRNA) . 

2. The method of claim 1, wherein said undesired 
Thl -associated immune response is an autoimmune disease. 

3. The method of claim 1, wherein said undesired 
Thl -associated immune response is tissue transplant 
rejection. 

4. The method of claim 1, wherein said undesired 
Thl -associated immune response is skin contact 
dermatitis, Hashimoto's thyroiditis, or Lyme Disease- 
associated arthritis. 

5. The method of claim 2, wherein said autoimmune 
disease is selected from the group consisting of Grave's 
disease, multiple sclerosis, Crohn's disease, rheumatoid 
arthritis, type 1 diabetes mellitus, and juvenile chronic 
arthritis . 

6. The method of claim 5, wherein said autoimmune 
disease is multiple sclerosis. 

7. The method of claim 5, wherein said autoimmune 
disease is rheumatoid arthritis. 

8. The method of claim 1, wherein said dsRNA is 
at least 10 nucleotides in length. 

9. The method of claim 8, wherein said dsRNA is 
at least 30 nucleotides in length. 
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10. The method of claim 8, wherein said dsRNA is 
at least 50 nucleotides in length. 

11. The method of claim 8, wherein said dsRNA is 
at least 100 nucleotides in length. 

12. The method of claim 1, wherein said dsRNA is 
derived from a virus or virally-inf ected cell. 

13. The method of claim 10, wherein said virus is 
selected from the group consisting of a Respiratory 
Enteric Orphan Virus (reovirus) , rhinovirus, vaccinia 
virus, adenovirus, influenza virus. Polio virus, Epstein- 
Barr virus, and bacteriophage ^. 

14. The method of claim 1, wherein said dsRNA is 
chemically synthesized. 

15. The method of claim 11, wherein said dsRNA 
comprises polyriboinosinic-polyribocytidilic acid 
(poly I :C) . 

16. The method of claim 11, wherein said dsRNA 
comprises polyriboinosinic acid/polycytidilic 
acid/uridylic acid (poly (I) :poly (CxzU) ) . 

17. The method of claim 14, wherein said dsRNA is 
synthetic viral dsRNA. 

18. The method of claim 1, wherein said dsRNA is 
administered systemically . 

19. The method of claim 18, wherein said dsRNA is 
administered intravenously. 
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20. The method of claim 1, wherein said dsRNA is 
administered locally to a site in the body of said 
mammal 

21. This method of claim 20, wherein said site is 
an arthritic joint. 
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